The effect of adding a continuous infusion of morphine 1 mglhr to patient-controlled intravenous analgesia was studied in a randomized double-blind trial. Ninety-six patients scheduled for abdominal surgery were enrolled; 38 received PCA and continuous infusion (peA + e), 45 received peA alone and 13 were excluded because of protocol violations. peA was delivered via an ABBOTT 4200 pump with settings of morphine 1 mg bolus and five-minute lockout in both groups. A separate pump delivered a continuous infusion of morphine 1 mglml (peA + e) or 9% normal saline (peA) at 1 mllhr for three postoperative days. Pain was assessed by hourly verbal pain scores (VPS) and daily visual analog pain scores at rest and on movement (v.4S rest , VASmove). peA delivered morphine and the demand to delivery ratio (DID ratio) were used as indirect indicators of pain. These were assessed during daytime (0800-2200 hours), sleep (2200-0500 hours) and on first waking (0500-0800 hours).
The efficacy of combining a continuous infusion with PCA is uncertain. Audit data reviewing clinical experience with PCA across a broad range of surgery describe an increase in complications, particularly respiratory depression, when a continuous infusion is used 1.2. Some controlled studies show that adding a continuous infusion to PCA increases the total dose of opioid delivered and incidence of side-effects without improving analgesia or sleep3-7. In contrast, adding a background infusion improves analgesia following caesarean section and some adult orthopaedic surgerY·9 .
Conflicting results may be caused by differences in methodology and patient population or inadequate power. There have been no double-blind studies performed. Most studies have used a single peA device displaying a menu easly accessed by nursing or medical staff. Some pumps in PCA + C mode display a moving light-emitting diode easily detected by patients.
Assessment of pain is imprecise and associated with considerable interpatient variability. To improve the ability to detect differences between treatment groups, pain should be assessed in a uniform patient population during activities and time periods associated with a high degree of pain'o. Studies demonstrating improved pain relief with background infusions have used visual analog pain score (VAS) assessment during patient movement in surgical groups recognized as having substantial postoperative painS. In this investigation pain was assessed directly by recording verbal pain scores (VPS) and VAS at rest and on movement in abdominal surgery patients.
Indirect methods of pain assessment have also been used'. The ratio of patient demands to boluses received (Demand/Delivery or DID ratio) correlates with VAS and is suggested as a measure of the quality of analgesia over a time period rather than a single measure at a point of time ll . Inadequate analgesia should correlate with an increased DID ratio. The amount of PCA-delivered opioid over time measures patient response which is in part due to pain and therefore an indirect measure of analgesia. PCAdelivered morphine may also be a response to variables other than painl2. These contribute more when a continuous infusion supplies a significant proportion of analgesia as PCA-delivered opioid falls to a fixed demand rate and may not reflect pain12. This feature may keep PCA-delivered morphine in the PCA + C groups higher than expected for the amount of pain and is therefore likely to minimize, not increase, differences between PCA and PCA+C groups. If a difference occurs it may still be used as an indirect measure of pain. Patients receiving PCA alone may experience more pain on waking due to a fall in plasma opioid levels when asleep. A "catch-up" period may follow where PCA demand is high and background infusions may improve analgesia in this time period. This would be reflected as higher indirect pain measures such as PCA delivered dose and DID ratio in the PCA alone group.
In this double-blind controlled study, patients undergoing abdominal surgery were randomized to receive either PCA or PCA with a continuous infusion. Analgesia was assessed over three days and on first waking using morphine requirement, DID ratio, VAS at rest and on movement, and a verbal pain rating scale (VPS) taken hourly at rest.
METHOD
This study was approved by the Board of Medical Research and Ethics Committee. Informed consent was obtained from 96 adult patients, 18-75 years of age, scheduled for abdominal surgery. Patients receiving epidural or spinal anaesthesia or regional nerve blockade in conjunction with general anaesthesia were excluded from the study. Adjunctive non-opioid analgesics were not used. All patients were familiarized with the PCA pump and received preoperative education on the use of VAS and VPS scores. The general anaesthetic technique was left to the discretion of the anaesthetist. In the Post Anaesthetic Care Unit (PACU) morphine was titrated intravenously until patients were comfortable. All patients received an Abbott 4200 PCA pump programmed to deliver a morphine bolus of 1.0 mg with a five minute lockout period. Preoperative and intra operative opioids used prior to PCA commencement were recorded separately.
Longer acting opioids used prior to PCA were converted to morphine equivalents for comparison between groups. Pethidine 10 mg and omnopon 1.5 mg were considered equivalent to 1.0 mg morphine.
Patients were randomly allocated using a computergenerated random-number sheet. Solutions of morphine 1.0 mglml or 0.9070 normal saline (100 ml) were prepared and coded according to the randomization protocol by the Pharmacy Department. A sealed envelope describing its contents was attached to the bag and could be opened in cases of emergency. A separate IMED 9000 volumetric infusion pump delivered 1 ml/hr of the solution for three days. Used solution bags and unopened envelopes were returned to Pharmacy. The code was broken at the completion of the study.
Direct assessment of pain was made using VPS and VAS. VPS at rest was recorded hourly by nursing staff using a ten point scale with zero defined as no pain and 10 worst pain imaginable. During sleep "Sx" was recorded. During daily Acute Pain Service review between 0830 and 1030 hrs VAS was assessed at rest and with movement using a standard 100 mm visual analog pain score with anchor points labelled "no pain" and' 'worst pain' '. VPS scores were averaged in successive eight hour blocks and 24 hour blocks for 72 hours in total. Missing hourly VPS data or Sx scores were assigned average value. VASrest , VASmove and VPS scores were analysed using the Wilcoxon Signed Rank test as the data collected was not normally distributed.
Indirect pain measures included PC A-delivered morphine and DID ratio. The number of PCA boluses and patient demands were recorded from the pump memory each hour by nursing staff. PCA-administered morphine and total morphine delivered were calculated for 24 hour periods, for daytime hours (0800-2200 hours), sleeping hours (2200-0500 hours) and a "first waking" period (0500-0800 hours) on each day for three days. The "first waking" period was used to detect whether "catch-up" occurred from a fall in opioid levels and inadequate analgesia during sleep. To allow for variations in the time patients wake, this period was taken over three hours, 0500 hours to 0800 hours. The DID ratio was calculated and grouped as 1, 1.01-1.5 and greater than 1.50. Total and PCA morphine were analysed using single factor ANOVA.
The DID ratio on first waking (0500-0800 hours) and
during the day (0900-1600 hours) were calculated for each of the three postoperative days. The Chi-squared test was used for comparing DID ratio between groups.
"Catch-up" was considered present if there was an increased DID ratio or an increase in PC A-delivered morphine. Sedation was assessed by nursing staff hourly, according to a 4 point scale: O-no sedation, 2-mild sedation easy to rouse, 4-frequendy drowsy, difficult to rouse, 6-severe somnolence and very difficult to rouse l3
• Respiratory rate was recorded hourly for 72 hours. If respiratory rate fell below eight breaths/min or a sedation score of 6 was recorded, naloxone was administered and the patient was withdrawn and counted as respiratory depression. Sedation and respiratory rate were not separated as complications as the two usually occur together I 3. Patients in severe pain were assessed by an APS clinician independent of the study team. If adjuvant therapy or a change to the PCA settings was required they were removed from the study and recorded as a complication. Severe nausea or vomiting requiring a change in analgesia therapy, and pruritus requiring promethazine were recorded as complications. Inadequate analgesia was determined on clinical review. Complications were analysed using the Fisher's Exact test. Group demographics were compared using single factor ANOVA. A probability value less than or equal to 0.05 was considered significant for all tests.
RESULTS
Of the 96 patients randomized, 38 received PCA + C, 45 received PCA alone and 13 patients withdrawn due to protocol violations. Patient demographics, opioid loading dose and surgical incision and procedure were similar in each group (Table I) .
Patients receiving PCA alone had significantly higher VPS (Figure 1) and VAS move on the first postoperative day compared with those receiving PCA +C (P=0.039 and P=0.02 respectively) ( Figure 2 ). There was no significant difference in VASrest on day 1. VPS, VASmove , VASrest were not significantly different between treatment groups on day 2 or day 3. Total 24 hour morphine use was higher in patients receiving background infusion on days 2 and 3 (P=0.OO9 and P=O.OOOI respectively) but did not reach statistical significance on day I (P=0.055) (Figure 3 ). Patients without continuous infusions use more PCAdelivered morphine on the first and second day (P=0.02, P=0.03 respectively (Figure 3 ) but not on day 3. During sleep the PCA+C group received significantly more morphine for each 24 hour period (day I P=0.003, day 2 P=0.009, day 3 P=0.002 (Figure 4 ).
On first waking patients without a continuous infusion exhibited an increased peA use on the first postoperative day (P=O.02) but not on subsequent days and also used more PCA morphine during daytime hours on the first postoperative day (P=0.03) ( Figure 5 ).
While there was a trend toward higher DID ratios in the PCA only group during the 0500-0800 and 0900-1600 time periods on day 1, they did not achieve statistical significance. Although there was no significant difference in assessment of respiratory rate, sedation score or nausea score, the incidence of complications was higher in patients receiving a continuous infusion ( Table 2) . Significantly more patients had respiratory depression in the PCA+C group (P=0.04). The other complications described did not individually reach statistical significance due to the sample size constraints. However, when complications were pooled there was a significantly greater number of total complications in the PCA+C group (P=O.OlI).
DISCUSSION
The principal finding of this study is that the addition of a continuous infusion of morphine abdominal surgery in the first 24 hours. This study also found that providing a background infusion over three days is associated with a higher total complication rate and a greater incidence of respiratory depression. These conclusions are consistent with results from both audit reports and from clinical studies'-9. Audits indicate that routine prescription of a continuous infusion increases side-effects, particularly respiratory depression"'. Audit information allows description of the side-effect profile of a treatment but spans multiple surgical groups, ages, PCA prescription and duration. While concluding that care should be exercised when prescibing continuous infusion in addition to PCA, it is not correct to conclude it is of no clinical value.
Conclusions from trials comparing PCA with PCA + C are conflicting. In post caesarean section patients the addition of a continuous infusion of morphine reduced pain associated with movement over 24 hours without an increase in respiratory depression or sedation. There was no difference in pain assessment at rest 8
• Patients who received PCA + C after spinal fusion or ankle reconstruction had less pain at rest and similar hourly morphine use, compared with those on PCA alone 9 • Other controlled studies have not detected an improvement in analgesia when using the PCA + C mode but have reported only an increase in side-effects·". The apparent conflict in study results may be explained by difference in methodology and surgical population. Measurement of patients' postoperative pain is highly variable 14 • It is important to compare treatment groups of sufficient size for the sensitivity of the measurements used. Many early studies assessed pain at rest with small patient numbers. In this investigation we studied patients undergoing major abdominal surgery, in a double-blind design using direct and indirect analgesic assessment techniques and barely demonstrated differences in treatment groups of 38 and 45 patients.
While concluding that PCA + C may improve analgesia during the first 24 hours, caution should be used in extrapolating the results to other types of surgery. Pain resulting from more minor surgery may be less intense and have a different time course. Continuous infusions may only increase side-effects in these groups.
The DID ratio has been claimed to be a more sensitive measure of pain that the VAS'!. In this study there was no difference in this ratio between groups, despite differences being detected in VAS on movement and VPS at rest.
The PCA-alone group attempted to improve analgesia with greater PCA-delivered morphine on the first and second postoperative days and when first waking on the first postoperative day. Using PCA-delivered morphine as an indirect measure of pain suggests that the continuous infusion of 1.0 mg/hr in this patient population continues to be of value into the second but not the third postoperative day. While patients without a continuous infusion increase PCA demands to achieve a similar total morphine delivery, patients with a fixed rate continuous infusion do not appear to reduce demands as pain abates. Over three days as the total morphine delivered in each 24 hour periods falls, there is an increasing contribution by the fixed rate continuous infusion. Patients should compensate by reducing their PCA-delivered component.
However, this did not occur as on day 3 the PCA + C group administered a similar amount of PCA morphine to the PCA-only group. Reluctance to reduce PCA demands with time may explain why PCA + fixed rate continuous infusions have a higher complication rate than PCA alone. Reducing the continuous rate or removing it on the second day may reduce complications. Pumps which can adjust the continuous infusion rate to a fixed percentage of total requirements are in development.
The level of continuous infusion used was 1 mg/hr. Studies showing improved analgesia have used continuous infusions between 0.5-1 mg/hr of morphine 8 ,9. Studies using over 1 mg/hr have not shown improvements and others have cautioned the use of 1-3 mg/hr infusion rates 15 • A lower continuous infusion rate may have reduced side-effects in our patient group. The optimal fixed rate or optimal percentage of total morphine delivered during a continuous infusion is yet to be determined.
A potential concern with PCA use is that patients may wake from sleep in greater pain because of an absence of morphine delivery during sleep. This would be reflected as a catch-up period with an increase in PCA delivery and an increase in the DID ratio on waking. PCA-delivered morphine was greater in the PCA group for the first 24 hours following surgery and during 0500-0800 hours on the first postoperative day, suggesting that pain was greater in the PCA group and that catch-up existed on the morning of the first day. This result was not repeated for the second and third postoperative days and no significant difference in DID ratios could be detected. This finding might simply reflect greater pain intensity on the first day requiring greater morphine delivery. It is also consistent with a report showing that altering pump settings from PCA to PCA + C at night did not improve sleep or reduce pain or first waking but increased programming errors 7. Patients waking in pain due to the lack of regular opioid during sleeping hours does not appear as clinically important as once thought. If there is an effect, it is lost in the variability of changing pain and drug requirement with time.
A further explanation for the higher PCA-delivered morphine and greater pain in the PCA group on the first day is that the program prescription in the PCA group was restrictive. When morphine bolus size is small, patients experience more pain, dissatisfaction and are reluctant to make demands '6 . Increasing the PCA bolus size on the first day may have had a similar effect to adding a continuous infusion without the increased incidence of side-effects seen in this study. A further investigation is required to test this hypothesis.
Respiratory depression and total complications were higher in those receiving PCA + C. It was not possible to determine whether complications were evenly distributed across the three days. If complications increased with time, then removing or reducing the background infusion after 24 to 36 hours may give adequate analgesia over all three days without the increase in complications. If background infusion is to be used to improve analgesia after abdominal surgery, monitoring, staff education and protocols must be in place to intervene when complications do arise. The use of regional blockade, NSAIDs or paracetamol as an adjuvant in the first 24 to 48 hours may be an alternative to background infusion where there is concern over possible complications or the ability to treat them promptly.
In conclusion a continuous infusion of 1.0 mg/hr morphine added to PCA (I mg bolus, 5 minute lockout) improves analgesia after abdominal surgery during the first 24 hours when PCA is the only therapy. This improvement may extend into the second postoperative day. When using background infusion in this way, close patient supervision is required due to a higher complication rate and consideration should be given to reducing its contribution to the total morphine delivered over time.
